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One of the most important properties of brittle materials is static fatigue. To measure this 
property, the specimen is loaded under constant stress and the fracture occurs after an elapsed 
period of time. The scatter in this time is large, and to obtain a good statistical representation it 
is necessary to test a large number of samples (over 20). Due to this scatter, the time for some 
of the tests could be large, and a period of several months might be necessary to test all the 
samples. In this article we describe an automatic optical detector for fracture that was employed 
to study the static fatigue of transparent materials. The main advantages of this instrument are 
(i) automatic registration of fracture for long periods of time, (ii) application on bending tests 
(this reduces the testing space) of low strength materials, and (iii) the cost is low and the 
number of samples can be increased with practically no increase in cost. 
I. INTRODUCTION 
One of the most important properties of glass materials 
is its mechanical strength. These materials are brittle, and 
their fracture is produced suddenly without any warning of 
the approaching to the failure point. The fracture is pro- 
duced by a flaw inside the material, which causes the ma- 
terial to fracture at a lower strength than the ideal case in 
which no flaws are present, and where the fracture would 
be produced by the cutting of atomic links (interatomic 
forces). Theory and experiments’ of brittle fracture lead to 
a linear relation between the fracture stress and the inverse 
of the square root of the flaw length. 
Another important characteristic of the material, when 
it is left under stress for a period of time, is that its strength 
continuously decreases. This property is related to the slow 
growth of cracks. The flaw could reach the critical size 
required for fracture when a stress, that is insufficient to 
fracture a sample at the time of application, is maintained 
for a long period of time. This slow crack growth is 
strongly dependent on the atmosphere in which the sample 
is immersed: water vapor has a large influence, mainly 
through hydroxyl ions.2 
The main mechanism of crack growth is stress corro- 
sion cracking,2 in which the chemical reaction depends on 
stress and temperature. When stress increases, the reaction 
rate increases; as the velocity of crack growth increases 
with the size of the flaw, the largest flaw attains the critical 
size for fracture before the other smaller flaws, which grow 
more slowly. 
The time dependence of strength is called “fatigue” by 
the ceramists. If the test is done under constant stress (or 
load) it is referred to as “static fatigue,” and the time to 
fracture is measured. The term “dynamic fatigue” is used 
when stress is continuously increased; generally the stress 
rate is kept constant, and when the fracture occurs the 
stress is measured. 
Due to the fact that in a dynamic-fatigue test the stress 
increases monotonically, the time of each individual test is 
shorter than that for static fatigue. The disadvantage of the 
dynamic test is that at a given stress level the equivalent 
fracture time for a static test is smaller than the actual 
testing time.’ This is important when the data are extrap- 
olated to very long times, as it is done for optical fibers, 
which have a typical lifetime of over 25 years.’ 
In dynamic fatigue experiments, a narrow range of 
fracture stress is obtained. By contrast, the range of frac- 
ture time in static-fatigue tests is very large. Due to the 
large scatter in the data obtained in static fatigue tests, it is 
necessary to perform a large number of individual tests to 
obtain a statistically acceptable mean value. 
A theory developed for fatigue (static and dynamic)’ 
gives a relation between time of fracture t, and the applied 
stress IT: 
te= Bxa-n, (1) 
where n and B are constants. The constant n is related to 
the material and environment properties, and B involves 
the inert strength, i.e., the fracture stress in the absence of 
slow crack growth. The plotting of logarithm of stress ver- 
sus logarithm of time is called the “fatigue curve.” 
The relation in Eq. ( 1) was obtained for the fracture of 
standard samples and would seem applicable to optical 
fibers but, because of the small size of the flaw in this 
material, the crack-growth velocity cannot be measured, so 
that there is no direct evidence that this relation also holds 
in the case of very small flaws. In fact, experiments on 
optical fibers4 do not follow the linear relation of Eq. ( l), 
and there seems to be a change in the slow crack-growth 
mechanism when the flaw size decreases to small dimen- 
sion.$ The flaw size is smaller than 100 nm in the case of 
optical fibers. We conclude that it is necessary to perform 
several tests to obtain the median time for fracture at dif- 
ferent stress levels and subsequently to develop the static 
fatigue curve from these data. 
In a typical static fatigue test of 50 samples of optical 
fibers at 1.76 GPa, the range of times extends from 1 X lo4 
to 1 X 10’ s (140 days). The length of time that may be 
required for some of the tests makes it difficult to register. 
manually the corresponding fracture times, and an auto- 
matic system that registers these times would be very con- 
venient. 
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FIG. 1. Schematic diagram of fracture detection system for a series of 
fibers. Fibers are alternately illuminated and when their light reaches the 
detector a peak of voltage is produced. (a) When no fracture exists all 
peaks are present; (b) if one fiber breaks its peak is absent. 
Several instruments have been developed for this pur- 
pose;‘>’ most of them have been applied to tensile testing 
and they are based on interrupting an electrical circuit 
when the fracture occurs. The disadvantage of this type of 
test is the large space required for the system and this 
problem is critical when the test should be performed in- 
side a special atmosphere. 
‘Another system based on an acoustic detector* was 
developed to register automatically the fracture time in 
bending tests. When the fiber breaks, it emits a sound wave 
which is used to record the fracture time. The disadvantage 
of this method is that either for small samples or for low- 
strength materials the signal is weak (it is produced by the 
elastic energy released by the fracture) and it is therefore 
difficult to separate the signal from the background noise. 
In the present work, a system to record automatically 
the time to fracture is described. The instrument can be 
used both in tensile and in bending tests for transparent 
materials such as optical fibers and glass. It is based on the 
illumination of the material at one end and the registration 
of the transmitted light at the other end. When the mate- 
rial fractures, the transmission% interrupted and the time 
at which this occurs is automatically recorded. 
il. INSTRUMENT 
The instrument is designed for fatigue studies of opti- 
cal fibers under a bending stress. The general principles can 
be used for different tests in any transparent material. 
The instrument consists of a series of parallel light 
sources, a detector, an interface, a microcomputer, and a 
test chamber, as shown schematically in Fig. 1. The cham- 
ber is+used when the test is done at different temperatures 
and different degrees of. humidity. inside this chamber, 
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FIG. 2. Schematic illustration of setup for illumination of each glass fiber. 
samples are submitted to bending stress. A separate light- 
emission diode (LED) is used for each light source. 
Light is transferred from the LED to the fiber by 
means of a special connector. This is done by introducing 
a hypodermic needle in a capillary glass tube of approxi- 
mately l-cm long. The part of the hypodermic needle that 
protrudes from the glass tube is cut off and the correspond- 
ing surface polished. The LED is also polished at the sur- 
face of light emission. With the purpose of obtaining a 
maximum transfer of light, a fiber is introduced into the 
hypodermic needle, the LED is activated and the joining of 
the two surfaces is completed when the maximum amount 
of light is registered in a detector placed at the other end of 
the fiber: the connector is then ready for the test fiber. The 
connection for the illumination of a single fiber is schemat- 
ically represented in Fig. 2. Instead of using this system, 
conventional optical fiber connectors could be adapted. 
The complete system may then contain a number of setups 
(LED, connector, and fiber) in parallel, but it uses only 
one detector. 
The LEDs are activated in succession by the micro- 
computer. Whenever the light reaches the detector, a cor- 
responding signal will be emitted from this detector. If the 
transmission of light is interrupted by the fracturing of a 
fiber, the microcomputer registers the loss of this signal 
which, in turn gives the time of the fracture. Schematic 
representation of the system is shown in Fig. 1. The ad- 
vantage of this method is that only one detector is neces- 
sary for testing any number of fibers. This detector is the 
most expensive part of the instrument. 
After all the fibers have broken, the mean fracture time 
for the stress level used can be calculated automatically 
from the individual fracture times recorded in the micro- 
computer. 
By changing the level of stress, different mean values of 
fracture times are obtained, which are then used to con- 
struct the static fatigue curve. 
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FIG. 3. Plot of logarithm of [-log( 1 -P)] vs  logarithm of time for a 
static fatigue test of 30 fibers. P is the probability of fracture. 
III. EXPERIMENTS 
The instrument is used for static fatigue testing of op- 
tical fibers in bending. The fibers are rolled (coiled) on a 
cylindrical mandrel of a fixed diameter. This operation is 
done simultaneously for all the samples, by means of a 
lathe. Then, each sample is separated by cutting the fiber to 
have the ends of each sample. One end of each sample is 
introduced into the connector and the other end is con- 
nected to the detector. The instrument has the capacity to 
test 64 samples simultaneously. 
The maximum tensile stress in bending is given by 
o=Exr/(R+r), (2) 
where E is the Young’s modulus (73 GPa for fused silica), 
R is the radius of the mandrel, and r is the radius of the 
fiber. 
The instrument has been intensively used in experi- 
ments of static fatigue under low humidity and water en- 
vironments at different temperatures.’ Figure 3 shows an 
example of results obtained with the instrument for multi- 
mode glass fiber of standard production (0.125mm diam- 
eter). Maximum tensile stress was 3.12 GPa. The tests 
were done at a temperature of 25 “C and 25% relative 
humidity and the gauge length was 500 mm. Results of 
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these tests are shown in a Weibull diagram” in Fig. 3, 
where logarithm of [ -log( 1 -P)] is plotted against loga- 
rithm of time. 
The probability of fracture P is taken as 
P= (i- 1/2)/n, (3) 
where i is the order of the sample and n the total number 
of samples.” 
The data appear to fit quite well into two linear re- 
gions, which have been shown not to be related with the 
type of defects4 Median time (50% probability) obtained 
by a linear fitting was 24 000 s. 
IV. DISCUSSION 
It is interesting to observe the wide scatter of the frac- 
ture time shown in Fig. 3 extending from 60 to 60 000 s 
(three orders of magnitude). When the applied stress is 
reduced or the strength of the fiber is increased, the frac- 
ture time increases proportionally, resulting in a large in- 
crease in the range of fracture times. We conclude that the 
use of the automatic testing-and-recording system de- 
scribed here has a considerable practical value in reducing 
both the time and labor that is required to obtain reliable 
statistical fracture data on transparent materials. 
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